This article exploits data from ascending auctions from the US Forest Service to estimate an optimal reservation price in forestry when prices are uncertain and when the forest owner endogenizes the cutting age of trees. The results suggest that there is a huge gain in terms of the forest owner profit to use the estimated optimal reservation price rather the well-known reservation price proposed by Laffont and Maskin's and Riley and Samuelson's which is suboptimal in the forestry context. Finally, the results also confirm that the reservation price set by the US government agency is too low.
Introduction
In forestry, auction mechanism is commonly used to sale trees. For example, the US government agency, the United States Forest Service (USFS) uses auctions for the sale of standing timber. Optimal auction often involved the setting of an optimal reservation price to maximize the forest owner's surplus. Over the past decades, empirical works have derived the reservation in forestry under various assumptions using the well known result of [1] [2] . However, in a recent theoretical paper, [3] showed that this result is not suitable for the forest management problem to estimate an optimal reservation in forestry because it ignores the harvesting decision. Therefore, he proposed an optimal reservation price that endogenizes the harvesting decision by assuming that bidders' uncertain and then to analyse to what extent the result differs from that of [1] [2] in term of the forest owner's profit. This is not the first article to derive empirically an estimate of the optimal reserve price in auctions. In a pioneering work, [4] used data from the Forest Service of British Columbia to derive the optimal reserve price in ascending auctions. Later [5] derived a semi-parametric estimator of the optimal reserve price in the first price sealed-bid auctions, and [6] derived an estimate of the optimal reservation price under affiliated private value in ascending auction. All of these papers assumed the stumpage market price to be deterministic; they also ignored the forest management problem. This article estimates the optimal reservation price by assuming that bidders' valuations are inde- The article is organized as follows. Section 2 presents the theoretical model. Section 3 provides an empirical application of the model to the US Forest Service (USFS). The econometric specification of the model, the identification, and the estimation of parameters, as well as the calculation of the optimal reservation price and its implications are discussed. Finally, Section 4 concludes the paper.
The Model
In this paper, I consider the bidding behavior in an ascending auction. Following [3] , I assume that there are N potentials risk neutral firms that compete at each period t for the possession of an homogeneous stand of trees of same age τ which is the time interval between planting and harvesting. Let ( ) X τ denote the total volume of timber to be harvested. I will focus on symmetric equilibria with increasing bids. At period t, The reservation price
  is such that a firm with average cost θ δ > cannot compete in the auction since its bid is lower than the reservation price (
It is shown in [3] that the expected revenue from auction in period t is summarize here the solution of the problem provided by [3] which will be used to estimate the model parameters and to calculate the optimal reservation price. These consist of the optimal cutting age of trees defined by Equation (3) and the optimal reservation price t t R P δ = − where δ satisfies Equation (4).
The solution of the problem will be compared with that provided by [1] [2] which satisfies Equation (5) below.
( ) ( )
Econometric Specification and Estimation
To estimate the optimal reservation price, I will use a structural model by estimating respectively the distribution function of the costs ( ) F ⋅ using auctions data, the stumpage price of timber t P , and the growth function of trees ( ) X τ . Before going on to describe the estimation procedure let first describe the auctions data.
Timber Auction Data
To compute an estimate of the optimal reserve price, I use auctions data provided by the USFS, a US government agency that manages public forests and organizes the sale of standing timber. The sales are conducted using either first price sealed-bid auctions or ascending auctions 2 . Each auction involves the selling of trees in a specific track. A track of forest may consist of trees of different species. When there is more than one species, the reserve price is set for each species. However, the transaction bid depends on the total amount bid for all species. This raises an additional difficulty for the computation of the optimal reserve price that must take into account the allocation of the total amount among species as such information is not available. Therefore, I
restrict my attention to auctions with only one species. I focus on auctions organized from 1973 through 1993. I selected two representative species namely, Douglas fir and Lodgepole pine among 71 species sold during these periods. This choice stemmed three reasons. First, both species represent one-third (33.79%) of the total volume of timber sold during the considered period. Second, in terms of the volume of trade, they represent 10.7% of the total number of sales during the considered period, with 5.9% for the Douglas fir and 4.8% for the Lodgepole pine. Finally, the availability of data for a homogeneous stand is a factor. The data come from the six regions of the western half of the United States, labelled as 1 through 6, and consist of 1532 sales that received at least two bids 3 . Finally, after cleaning the data and removing missing data, 1304 data remained of which 1094 in ascending auctions. These 1094 auctions will be used for estimation. This sample data consists of 754 for Douglas fir and and 340 for Lodgepole pine. Table 1 summarises the statistics of variables in the sample of auctions studied.
All dollar figures are converted to constant 1982 dollars per MBF (thousand board-feet)
of timber. Table 1 shows that, in terms of the quality of timber, Douglas fir is more valuable than Lodgepole pine as the stumpage price of Douglas fir is approximately six times higher than that of Lodgepole pine.
Estimation
To estimate the distribution of costs, I follow [4] by assuming that the distribution of cost follows a Weibull distribution with scale λ and shape γ . To take into account the heterogeneity that are responsible for correlation among bids, I follow [12] by assuming that the parameters λ and γ depend on some covariates X and the number of actual bidders (n). That means, 
In each lth auction, the standing timber is characterized by a vector of variables
, thereby affecting bidders' valuation through the distribution of costs, representing the characteristics of timber (i.e., the total volume to be harvested, the number of acres, the hauling cost, the stumpage price, the number of actual bidders, and the reservation price at each lth auction). The estimation procedure is presented in Appendix.
The estimation of parameters of the distribution functions is summarized in Table 2 .
Before interpreting the estimate parameters that are statistically significant, let's highlight that bids are increasing in the scale parameter ( λ ) 4 . The estimation results
show that for both species, the number of bidders is not informative for the shape parameter γ
5
. While for the scale parameter λ , the volume and the number of bidders are statistically significant for Lodgepole pine, and the volume is only significant for Douglas-fir. An increase in the volume or in the number of bidders increase the scale parameter and thus increase the bids. These results are in line with those obtained by [12] .
Before going on to calibrate the optimal reservation price, I first model the diffusion process of the stumpage prices using Equation (1). Table 3 shows that both Douglas fir and Lodgepole pine follow a first-order autoregressive model that is stationary around a deterministic trend (constant term) 6 . Observations include annual data from 1950 
. Thus, an increase in λ implies that ( ) F θ decreases, which is equivalent to θ decreases, which is equivalent to b increases. 
Calibration Results
Using Equation (3)- (5) Table 4 . For Lodgepole pine and Douglas fir, the optimal reservation price is on average 91% and 117.9% respectively, higher than that set by the USFS. Table 4 also confirms the theoretical results of [3] that the model optimal reserve price derived is higher than that of LMRS. The difference in percentage for
Lodgepole pine and Douglas fir is on average 13.1% and 10.9% respectively.
I also quantified the gain of the forest owner by using the model optimal reservation price rather than reservation price of LMRS. The results are summarized in Table 5 , which shows the profits per acre and the gains in percentage by using the optimal reservation price rather the LMRS reservation price 8 . The gain in moving from a LMRS 7 The fact that stumpage prices go beyond 1993 is not problematic when the price process is stationary, as it is the case in this article. Just the length of data is relevant; starting time and ending time are not important. Table 6 , showing the expected gains when using the model reservation price rather than the LMRS for additional interest rates of 4% and 5%. For example, when the interest rate is 5%, the gain is 9.2% for Douglas fir and 53.2% for Lodgepole pine.
Conclusion
This article combined auctions and the forest management problem to estimate the optimal reservation price in forestry when prices are uncertain and follow an auto- 
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